The Alps are one of the most significant geographical barriers in Europe and several isolated Swiss and Italian valleys retain the distinctive Ladin and Romansch languages, alongside the modern majority of Italian and German languages. Linguistically, Ladin belongs to the Romance languages, but some studies on mitochondrial DNA (mtDNA) variation have suggested a major Middle Eastern component to their genealogical origin. Furthermore, an observed high degree of within-population diversity has been interpreted as reflecting long-standing differentiation from other European populations and the absence of a major bottleneck in Ladin population history. To explore these issues further, we examined Y chromosome and mtDNA variation in two samples of Ladin speakers, two samples of German speakers and one sample of metropolitan Italian speakers. Our results (1) indicate reduced diversity in the Ladinspeaking and isolated German-speaking populations when compared to a sample of metropolitan Italian speakers, (2) fail to identify haplotypes that are rare in other European populations that other researchers have identified, and (3) indicate different Middle Eastern components to Ladin ancestry in different localities. These new results, in combination with Bayesian estimation of demographic parameters of interest (population size, population growth rate, and Palaeolithic/Neolithic admixture proportions) and phylogeographic analysis, suggest that the Ladin groups under study are small genetically isolated populations (subject to strong genetic drift), having a predominantly European ancestry, and in one locality, may have a greater Palaeolithic component to that ancestry than their neighbours.
Introduction
'Ladins' is the name given to groups totalling approximately 25 000 individuals that live in the Italian Alps which speak multiple variants of a shared Romance language (Ladin). 1, 2 They are located in three valleys (Val Gardena, Val Badia, and Val Fassa) and a few other locations. The Ladins are of particular interest to molecular anthropologists because mitochondrial DNA (mtDNA) sequence data have been used to argue that they are genetically differentiated from both neighbouring and other European populations and are highly diverse in terms of within-population mtDNA sequence variation. 3 -5 Stenico et al 3 and Stenico et al 4 argued that the high internal diversity they identified is inconsistent with the view that isolation, low effective population size, and subsequent genetic drift had brought about Ladin genetic differentiation from neighbouring populations. Instead they postulated that the differences are the result of differing patterns of settlement in alpine versus non-alpine surrounding regions before the establishment of the Ladin language, followed by some degree of isolation but without any major population bottleneck events. Furthermore, based on comparisons of the distribution of mtDNA hyper variable segment 1 (HVS1) sequence haplotypes in Ladins with those in other populations, and specifically on the high incidence of mtDNA haplogroup T (previously known as haplogroup 2; 63, 25, and 36% in Val Gardena, Val Badia, and Val Fassa samples, respectively), which is relatively rare in Europe but common in the Middle Eastern, they proposed a large Middle Eastern component to Ladin origins. However, the mtDNA sequence data quality on which these conclusions were based has been questioned. 6 -8 Substitutions at key sites were found on multiple branches of the mtDNA HVS1 network, despite being rare in other European populations. These substitutions have been described as 'phantom' mutations 6 and have been attributed to systematic sequencing errors.
In an attempt to address concerns about data quality, Vernesi et al 5 and surrounding populations at a number of X-linked markers. They identified high linkage disequilibrium in Ladin samples and a high degree of differentiation both among different Ladin populations and between those populations and non-Ladin-speaking groups living in surrounding valleys. These results raise the possibility that Ladin differentiation is due to isolation and small population size, leading to high rates of genetic drift. Given the importance of the conclusions reached by Stenico et al 3 and Stenico et al, 4 involving prolonged isolation of a substantial population in south-central Europe displaying a Middle Eastern origin, we have investigated whether alternative explanations of Ladin demographic history are more plausible. In this study, we analysed mtDNA sequence data from the hypervariable region 1 (HVR1) of two further collections of Ladins and compared them with (a) neighbouring German (two sample sites) and Italian (one site) speakers to assess respective levels of genetic diversity and similarity and (b) multiple European and Middle Eastern populations (to assess the relative contributions of putative source populations to the five sample sets). We also undertake similar analyses of the paternally inherited non-recombining portion of the Y chromosome. Figure 1 ). Donors were selected only if their grandfathers were from the same region and they were unrelated to other donors at the grandfather level. Swabs were stored in a DNA preservative solution containing 0.5% sodium dodecyl sulphate and 0.05 M ethylenediaminetetraacetic acid for transport purposes and DNA was purified by phenol -chloroform extraction/isopropanol precipitation. Samples were collected anonymously and informed consent was obtained from all individuals before samples were taken. To investigate Ladin variation in mtDNA, we also used the data published by Vernesi et al 5 relating to a sample from the Ladin occupants of Colle Santa Lucia.
Molecular analysis
The mtDNA HVS-1 was sequenced as described previously. 14 
For the remaining haplotypes, those with a T at position 16223 were assigned to Mhg-MNL and those with a C at position 16223 were assigned to Mhg-HVR. Y chromosomes were typed in all samples for six microsatellites (DYS19, DYS388, DYS390, DYS391, DYS392, and DYS393) and 11 Unique Event Polymorphism (UEP) markers (92R7, M9, M13, M17, M20, SRY þ 465, SRY4064, SRY10831, sY81, Tat, and YAP) as described previously. 19 In addition, the UEP marker 12f2 was typed as described by Rosser et al. 20 Microsatellite repeat numbers were assigned according to the nomenclature of Kayser et al. 21 Y-chromosome haplogroups, defined by the 12 UEP markers, were classified according to the nomenclature proposed by the Y Chromosome Consortium. 22 Their genealogical relationships are presented in Supplementary Figure S1 .
Statistical and population genetic analysis Unbiased genetic diversity (h) and its standard errors were calculated using the formulae given by Nei. 23 Tests for the significance of differences in h-values were carried out using two methods. The first was a standard two-tailed z-test and the second was by bootstrap re-sampling. As a conservative measure, only the larger of the two P-values was used. 14 To correct for multiple comparisons of h-values between different Ladin and non-Ladin population samples, we bootstrap re-sampled mtDNA and Y-chromosome haplotypes 10 000 times and calculated, in each case, the proportion of times that the average Ladin h-value was greater that the average non-Ladin h-value. As an conservative measure, we then multiplied the higher P-value by two as two tests were performed (one for mtDNA and one for Y chromosome). Tests for the significance of among-population differences in the within-population mean pairwise difference (MPD) for mtDNA sequences were carried out by bootstrap re-sampling 100 000 times. Populations were compared for differences in the distribution of haplotype and haplogroup frequencies using the genetic distance measure F ST , 24 and for differences in the distribution and molecular divergence of Y-chromosome microsatellite haplotypes using R ST , 25 estimated from Analysis of Molecular Variance FST values, 26 and using the Fisher's Exact Test for Population Differentiation. 9 The significance of pairwise F ST and R ST values was assessed by permuting haplotypes 10 000 times, and 10 000 Markov steps were used in the Fisher's Exact Test. All of the above analyses were performed using ARLEQUIN software. 27 Patterns of genetic differentiation were visualized using classical multidimensional scaling, also known as Principal Coordinates Analysis, 28 performed on a pairwise F ST matrix, as implemented in the cmdscale command of the statistical package 'R' (URL: http://www.R-project.org/). Admixture proportions were estimated using the likelihood-based method LEA 29 Y-chromosome data. We ran 600 000 Monte Carlo iterations of the coalescent simulation and discarded the first 10 000 iterations as burn-in. Demographic parameters of interest (population size and growth rate) were estimated from Y-chromosome data under a model of exponential growth ('size model' 1), using the Bayesian inference program BATWING (URL: http://www.maths.abdn.ac.uk/;ijw). 33 We ran 102 000 Monte Carlo iterations of the coalescent simulation and discarded the first 2000 iterations as burn-in. Population demographic priors were: initial effective population size -gamma(1.1,0.0001), growth rate -gamma(1.01,1), time growth starts (in generations) -uniform(0, time to most recent common ancestor), 34 final population size -uniform(0, 50 000). Locus-specific priors for the mutation rate per generation were based on observed mutations. 34 These were: DYS19 -Gamma(3,1459), DYS390 -Gamma(5,929), DYS391 -Gamma(3,878), DYS392 -Gamma(2,878), and DYS393 -Gamma(1,878). As a precautionary measure, DYS388 was excluded from BATWING analysis because no published data on observed meioses are available for this locus. Population size and growth rate were estimated from mtDNA HVS1 sequence data analysed under a model of exponential growth using the Bayesian inference program BEAST v1.2, (URL: http://evolve.zoo.ox.ac.uk/beast/). 35 Each population was analysed under a model of exponential growth, with an upper limit for population size of 50 000 and a mutation rate of 3.6 Â 10 À6 mutations/site/ generation, 17 under a HKY þ G model of nucleotide substitution. 36 We ran 200 000 000 Monte Carlo iterations to ensure that convergence had been achieved and that effective sample sizes were above a lower limit of 100 for all parameters. Post-processing of LEA, BATWING and BEAST outputs was carried out using the statistical package 'R' (URL: http://www.R-project.org/). The geographic spread of South Tyrolean mtDNA haplotypes was quantified and visualized using the mtRadius database, 8 et al, 37 and are based on at least two matches in the mtRadius database, with the frequency grid size set to 2 degrees of longitude by 2 degrees of latitude. As with the admixture analysis, because no differentiation was observed between the two German-speaking populations, we grouped the two samples (GV). However, because the two Ladin samples were significantly different from one another, we analysed them separately. For comparison, we also applied the COG analysis to 100 Anatolian mtDNA sequences, consisting of 50 randomly chosen Anatolian Turks and 50 randomly chosen Anatolian Kurds from mtRadius database, and removed those sequences from the active mtRadius database when that analysis was performed.
Results mtDNA data quality Because of previously highlighted concerns about data quality in published studies on Ladin mtDNA, we applied the methods suggested by Bandelt et al 7 as a check on the quality of our mtDNA sequencing. We first restricted analysis of the data set of 263 individuals (all the South Tyrolean groups) to 'weighty' sites, as recommended by Bandelt et al 7 (these are sites where the mutation rate appears relatively low). There were 40 such weighty sites. The ratio of weighty transition sites to transversion þ indel sites (WTTI ratio) was 4.0 which is within the range reported for other European data sets considered by Bandelt et al 7 to be reasonably problem-free. In addition, the reduced-median network drawn from the 'weighty' data contained five two-dimensional cycles and no higherdimensional cycles, which is again within the range for reasonably problem-free data sets of this size.
mtDNA and Y-chromosome diversity A total of 111 mtDNA HVS1 haplotypes were observed in the five population samples and these were clustered into 17 haplogroups based on the occurrence of key HVS-1 mutations (see Methods). The distribution of mtDNA haplotypes is given in Supplementary Table S1 , together with the mtDNA haplogroup assignment. The Y-chromosome UEP markers defined seven observed haplogroups (HGs) (see Supplementary Figure S1 and Supplementary  Table S2 ) and the UEP þ microsatellite markers defined a total of 100 haplotypes (Supplementary Table S3 ). Two instances of homoplasy of microsatellite haplotypes across UEP haplogroups were observed (microsatellite haplotype 15 12 22 10 11 14 was found on two BR*(XDE, JR) and one E*(xE3a) chromosomes, and microsatellite haplotype 14 12 23 10 13 14 was found on one P*(xR1a) and one K*(xL,N3,O2b,P) chromosomes; all microsatellite haplotypes given in this paper are in the order DYS19, DYS388, DYS390, DYS391, DYS392, DYS393). This is consistent with other studies using similar numbers of microsatellite loci. 38 -42 To test for non-random association of mtDNA and Y-chromosome haplotypes among individuals within populations, which might indicate within group structuring or non-random sampling (such as sampling from multiple individuals within the same family), we carried out an extension of Fisher's Exact Tests to RxC tables. 43 Because of the large number of mtDNA and Y-chromosome haplotypes present, all singleton mtDNA and Y-chromosome samples were respectively grouped into a single class. No significant association was found within any of the five populations. Gene diversities were compared using P-values based on pairwise comparisons. mtDNA HVS1-haplotype frequencybased gene diversity values (see Supplementary Table S1) were significantly lower in the Ladins as a whole than in the Italian-speaking population (Po0.02), but not the German speakers when treated as a single population (P ¼ 0.16). Furthermore, in comparisons among the five populations sampled, the two Ladin groups had the lowest gene diversity with the Ladin Val Gardena group having a significantly lower h-value than the Italian speakers (Po0.005) and both German-speaking groups (Po0.04). All other pairwise population differences in h-values based on mtDNA HVS1-haplotype frequencies among the five groups sampled were greater than 0.05. By applying a correction for multiple tests to all five population samples, we found that the average Ladin gene diversity was lower than the average non-Ladin gene diversity in 499.99% of bootstrap re-sampled mtDNA haplotype data sets. Similarly, in both language and individual pairwise population group comparisons, the two Ladin samples displayed the lowest MPD for mtDNA HVS1 (Supplementary Table S4 ) although these differences were not significant when tested by bootstrap re-sampling.
Y-chromosome h-values (Supplementary Tables S2  and S3 ) were significantly lower in the Ladins than in the German or Italian-speaking populations at the levels of haplogroup frequencies (Po0.003) and UEP þ microsatellite haplotype ('full' haplotype) frequencies (Po0.0003). A similar pattern was observed in pairwise comparisons of the five groups (Po0.05), except that the Val Gardena group was not significantly less diverse than the Lower Vinschgau group at the haplogroup (P ¼ 0.13). All other Y-chromosome pairwise population differences in h-values were greater than 0.05. Correcting for multiple tests among all five population samples (see above), we found that the average Ladin gene diversity was lower than the average non-Ladin gene diversity in 99.75% of bootstrap re-sampled Y-chromosome haplotype data sets.
Comparisons using various genetic distance measures (F ST , R ST , corrected mean pairwise nucleotide difference) and the Fisher's Exact Test of Sample Differentiation, 9 at various levels of data (mtDNA sequence haplotypes, assigned mtDNA haplogroups, Y-chromosome full haplotypes, Y-chromosome microsatellite haplotypes and Y-chromosome UEP-defined haplogroups) indicated Ladin isolation. The ITA, GVU, and GVL groups are closely related to one another with the LVG and LVB groups more distantly related, both from one another and from the other three populations. While in pairwise comparisons among the ITA, GVU, and GVL samples, none of the genetic distance measures were statistically significant (P40.05, unadjusted for multiple comparisons), genetic distances between the two Ladin populations and the ITA, GVU, and GVL populations were mostly significant and large. Table 1 shows F ST values for population comparisons based on mtDNA HVS1-haplotype frequencies and Y-chromosome full haplotype frequencies. These distances are summarized in principal coordinate plots (Figures 2a  and b) . The Fisher's Exact Test of Population Differentiation, based on the same data, also indicates little differentiation among the ITA, GVU, and GVL samples (only the GVL/ITA groups mtDNA haplotype distribution was significantly different), while the LVG and LVB groups were significantly different from one another and the ITA, GVU, and GVL samples.
Estimation of current effective population size and growth rate
We estimated population demographic parameters of interest (current effective population size and population growth rate), based on mtDNA HVS1 sequence data using BEAST, 35 and based on Y-chromosome data using BATW-ING. 33 We analysed the two Ladin-speaking samples and the Italian-speaking sample individually but, because no differentiation was observed between the two Germanspeaking samples (see above and Table 1 ), we grouped them together and treated them as a single population (GV). Posterior estimates of current effective population size and population growth rate based on mtDNA and Y-chromosome data are given in Tables 2 and 3 respectively. To examine the difference in posterior estimates of these parameters in different populations, we took 200 000 two-point draws of the parameter value from its separate posterior distributions in populations #1 and #2, calculated the difference (value in population #2 À value in population #1) and calculated the proportion of instances that were greater than zero. For the analysis based on mtDNA data we found that 99.1% of GV, 99.0% of LVB, and 98.9% of LVG posterior estimates of current effective population size were smaller than those for ITA. We also found that 3.8% of GV, 8.6% of LVB, and 15.7% of LVG posterior estimates of population growth rate were smaller than those for ITA. For the analysis based on Y-chromosome data, we found that 99.3% of GV, 99.99% of LVB, and 99.9% of LVG posterior estimates of current effective population size were smaller than those for ITA, and 88.9% of GV, 90.2% of LVB, and 96.8% of LVG posterior estimates of population growth rate were smaller than those for ITA.
The origins of the Ladins: admixture analysis
Given the claim of a Middle Eastern origin for the Ladin speakers, 4 we investigated whether there are differences among the five sample sets in the relative contributions from (a) to the east, Anatolian Turks, who have been used to represent Neolithic farmers, and (b) to the west, Basques, who have been used to represent Palaeolithic huntergatherers. 44 To do so, we applied the admixture-based approach of Chikhi et al. 29, 44, 45 While it is unlikely that these are the only possible source populations, 46 they do represent convenient alternative options on which to assess comparative contributions to present day European populations. 4 Posterior estimate modes of the Eastern/ Neolithic contribution were similar for the German and 
Isolation and drift in the Ladin communities MG Thomas et al
Italian speakers when Y chromosome and mtDNA were considered together. However, while the LVG sample (mode ¼ 51%) was similar to the German and Italian speakers (mode ¼ 56%), the LVB sample (mode ¼ 13%) was very different. In comparisons with posterior estimates of Eastern/Neolithic contribution to the LVB sample 88.28, 92.56 and 92.15% of the estimates for the LVG, German speakers and the Italian speakers respectively were higher. Analysis based just on the Y chromosome produced a similar result. However, analysis of mtDNA alone revealed extreme estimates for the two Ladin-speaking populations with the LVB sample indicating the lowest contribution of all the groups (mode ¼ 18%) and the LVG sample the highest (mode ¼ 95%) (see Table 4 and Figure 3 ). We also compared posterior estimates of the drift parameters T/N1, T/N2, and T/Nh indicating the amount of drift that has occurred in the Anatolian and Basque putative source populations and in the admixed populations, respectively, since admixture. Consistent with expectation based upon the timing of the acquisition of agriculture, all modal estimates of drift were higher for the Basques than for the Anatolian Turks. Consistent with isolation in both Ladin-speaking populations and the combined German-speaking population, all modal estimates of drift (T/Nh) were higher than those for the Italian-speaking population; for the combined Y-chromosome and mtDNA data sets, 88% of the Val Gardena, 82% of the Val Badia, and 94% for the German speaker posterior estimates of T/Nh were higher than for those for the Italian speakers. When mtDNA or Y-chromosome data were considered independently these values were 90, 91, 94, and 58%, 69, 59%, respectively.
Geographic centre-of-gravity analysis of mtDNA haplotypes Applying the COG approach, 37 the LVB, LVG, GV, and ITA haplotypes appear to be predominantly of recent European origin (see Supplementary Figure S2 ). Interestingly, a number of the Ladin speakers had their matching mtDNA haplotype COGs more clustered in the region of the Alps than did either the German or Italian speakers. Only six out of 102 Ladin speakers, three out of 102 German speakers, and one out of 59 Italian speakers have their COGs outside Europe. These outliers are likely to be due to parallel mutations in the short HVS1 sequences considered here and would be expected to disappear with longer sequences. For comparison, Supplementary Figure S2 shows a COG plot for 100 randomly selected Anatolian mtDNA sequences. It should be noted that the data for non-European populations are limited and, as such, these analyses will be biased to an unknown extent.
Discussion
Data analysed in this study support different conclusions from those reached by Stenico et al, 3 Stenico et al, 4 and
Vernesi et al. 5 There is little sharing of haplotypes between the Ladin samples included here and those presented previously (using only data for the region of sequence overlap -positions 16051 -16362). Only two out of 18 haplotypes reported by Stenico et al 3 were found among the 40 Ladin haplotypes reported here. In the case of the Vernesi et al 5 study, 5 of the 10 haplotypes reported in their paper were found among the 40 Ladin haplotypes reported here (see Supplementary Table S1 ). In addition, the modal mtDNA HVS-1 sequence in our Ladin sample, the Cambridge Reference Sequence, 15 was not found in any of the previously published Ladin data sets. Likewise, the modal mtDNA HVS1 sequence in the data set reported by Vernesi et al 5 German and Italian sequences do not demonstrate such clustering. In contrast, the plot generated for 100 randomly selected Anatolian mtDNA sequences shows that most haplotypes with a limited range (as indicated by black circles in Supplementary Figure S2 ) have their COGs in the Middle East. However, as discussed below, it should be noted that while admixture analysis does not indicate a high Middle Eastern component to Ladin ancestry overall, the result for the Val Gardena mtDNA data does suggest an unusually high contribution (mode ¼ 95%).
Significantly lower Y-chromosome diversity is also observed in the Ladins when compared to the neighbouring populations analysed here, and the average Ladin gene diversity was lower than the average non-Ladin gene diversity in 499.99% bootstrap re-sampled data sets. Furthermore, we find a relatively high degree of mtDNA and Y-chromosome differentiation, quantified using F ST , both between the two different Ladin localities and also between the Ladin localities and the neighbouring Italianspeaking and two German-speaking populations. The most likely explanation for these observations is population isolation and a relatively small effective population size, leading to strong genetic drift in the Ladins. This is further supported by Bayesian inference of effective population size based on mtDNA HVS1 sequence data using BEAST, Y-chromosome data using BATWING, and by LEA analysis, which all show that posterior estimates of the effective population size are smaller (in the case of BEAST and BATWING analysis, by wide credible margins) for the Ladins than for the urban Italian speakers. The two German-speaking samples also have smaller posterior estimates of effective population size than the Italian speakers. As both the Ladin speakers and the German speakers were collected from isolated valleys, our study supports the contention that the Alps present geographic barriers that even today are reflected in the genetic makeup of the populations living there. This finding has also been noted in other mountainous regions (for example in mountainous parts of Armenia 42 ).
The Ladin speakers sampled by Vernesi and colleagues 5 were from a different location (Colle Santa Lucia) to those sampled here. Considering that those sequences were produced partly in response to a criticism of data quality, 7 it seems unlikely that these data are also erroneous. While the high diversity observed in the Vernesi data set is not consistent with our general conclusion of high rates of genetic drift in Ladin groups, the difference in distribution of mtDNA haplotypes between their Ladin sample and those presented here is consistent with isolation among geographically separated populations. It is possible that the very different conclusions drawn by our analyses are due to genuine differences in the population history of Colle Santa Lucia. However, the fact that we find significant differences in the one Ladin group common to our study and that of 29 has the advantage of allowing for, and providing an estimate of, the extent of drift in the admixed population and both source populations subsequent to the (single) admixture event. Our results are intriguing in that when mtDNA and Y-chromosome data are considered together, they suggest a larger Palaeolithic component to LVB ancestry than any of their neighbouring populations LVG, GV, and ITA. Examination of admixture proportions based on individual loci suggests that in this case the signal is mainly due to the Y-chromosome data. It is tempting to postulate that a low Neolithic component to LVB ancestry is the result of longterm isolation, with that population perhaps descending from an in situ Palaeolithic population. However, we are cautious of placing too much emphasis on the absolute estimates resulting from admixture analysis for the following reasons: (1) The method assumes the correct identification of source populations that have not been influenced by admixture themselves since the Neolithic, (2) different effective population size and demography for mtDNA and Y-chromosome data would violate the modelling assumptions of LEA when these loci are analysed together, (3) the admixture estimation method employed cannot account for mutation since the admixture event, (4) estimates of admixture are typically wide and overlapping for the four South Tyrolean populations, (5) it is highly unlikely that any European population formed following a single admixture event between incoming farmers and Palaeolithic hunter-gatherers. Of particular concern is the appropriateness of the source populations used, especially since Alonso et al 46 have recently questioned whether Basques best represent Palaeolithic Europeans. Nonetheless, the admixture approach, using Near Easterners and Basques as source populations, has made an important contribution to the ongoing debate of the origins of Europeans 44, 45 and, in the context of this study, serves to make useful comparisons between the various South Tyrolean groups. We note that for the LVG population, the mtDNA and Y-chromosome admixture estimates are rather discrepant; when mtDNA data are considered alone admixture estimates suggest a higher Neolithic/Middle Eastern component to LVG ancestry than any of their neighbouring populations. This is consistent with the findings of Stenico et al 3, 4 but in contrast to the results of the COG approach using the mtRadius database 37 and the admixture estimates based on Y-chromosome data alone. However, such a discrepancy is within the range of expectation in a small population experiencing high rates of genetic drift. The high degree of differentiation between the two Ladin populations sampled here is intriguing in that it suggests a low level of gene flow between different localities, despite shared cultural and linguistic features. Genetic isolation among different Ladin populations is consistent with recent studies of X-chromosome variation 10 as well as the highly tree-like phylogeny of regional Ladin languages, which indicate a language fissioning process with little subsequent vocabulary exchange. 1 Perhaps, the best explanation for this is that geography is the most important isolating factor for the Ladins, and possibly the two German-speaking populations. However, we cannot rule out other processes such as local language replacement and admixture from other source populations. If the patterns of mtDNA and Y-chromosome variation observed in the South Tyrolean populations do reflect long-term isolation and a high rate of genetic drift, then this would explain the high levels of linkage disequilibrium recently observed. 10 This could be potentially relevant to medical genetic research.
